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MODULAR COMMUNICATION SATELLITE 

TECHNICAL FIELD 

Hie piesent invention mates to the field of satellites. More particularly, this invention is an integral 
part of a conununications network comprising a constellation of 840 extremely high power and ultra-lightweight 
spacecraft which circle the globe in low Earth orbit. The satellites operate in 700.km (435 mile) circular. Sun- 
synchronous orbits which are inclined approximately 98.2 degrees to the Equator. 



10 



15 



20 



0 



BACKGROUND AFT 

Communications satellites openttii^g in Earth orbit were first seriously proposed during the middle of 
this oentoiy. A relatively small portion of current telephone traffic is relayed between ground stations 1^ 
q)acecraft carrying transponders that are located over a fixed portion on the Earth in 22,300 mile 
geosynchronous orbits. Over die past few decades. pubUc phone systems have reUed primarily on land lines 
and microwave rq>eaters to handle call traffic. CeUular networics now provide service which extends previous 
network capabilities. Customers usmg hand-held portable phones or earphones are now able to access the 
conventional, centralized land-based system without usiiig a traditional fixed phone, as long as their 
transportable terminals are within the range of land-based antenna towers caUed "cefl sites. " Even m the United 
States, these ceU sites are not universally prevalent, since market forces restrict ceUuhir service to only die most 
tensely populated urban portions of our country. Since ceUuhir service is available to only a smaU minority 
of privileged users in wealdiy countries, and is virtually non-existem m lesser developed parts of the world, the 
operators of traditional phone networks are confronted widi serious systonic problems that severely cons^ 
the contmued growth of their communications utilities. 

In the past decade, several satellite systems have been proposed as a means of expanding and extending 
conventional land-based telephone networia. THe implementation of these proposed sateUite systems requires 
new spacecraft designs which would permit a great number of satellites to be lamM*ed efficiently and 
econoioically. 

A spacecraft design that pertains to the contact nesting of multiple spacecraft m the same launch 
vehide has paitiaUy been addressed by Mark G. Rochefort. In Imemational Application Number 
PCT/US88/02365. Rochefim considered using a substantially cup-shaped configuration for stored spacecraft to 
aUow a large nmnber of identicaUy shaped spacecraft to be stored together in the stowage compartment of a 
launch vehicle. This approach did not antidpate die large nmnber of antennas necessary for a sateUite in a large 
communicadons system. Rochefort did. not consider die advamage of storing solar arrays near die antemia 
anays. He also did not consider unfiirling a solar array away from die antemia arrays. Rochefort's stowage 
of satellites m a cup-shaped manner also unnecessarily exposes the surfaces of a sateUite to damage during 
storage, launch and placement into orbit. 
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No system that is currently available to the general public is capable of taking advantage of the 
enormous augmentation of communications cs^acity that could be achieved if the traditional centralized grid of 
terrestrial switches, wires, fibers, and microwave repeaters could be completely bypassed. Public phone 
conq>anies are not presently able to sell continuous global service to their customers who wish to use phones 
5 that are not hard-wired to the land-based network. Some commercial spacecraft now in service help to relay 
some portion of the total call traffic, but all these calls must still pass through the conventional land-based 
system. The problem of providing an economically feasible network for voice* data, and video which can be 
. used by subscribers all over the world has presented a major challenge to the communications business. 

The development of a constellation of reliable, high gain satellites which can communicate directly to 
10 terrestrial terminals without routing calls through land-based networks would constitute a major technological 
advance and would satisfy a long felt need within the electronics and telephone industries. 

An i^redation of other aims and objectives of the present invention axid a more conq>lete and 
conq>rdimsive understanding of this invention may be achieved by studying the following description of a 
preferred embodiment and by referxing to the accompanying drawings. 



15 BRIEF DESCRIFnON OF THE DRAWINGS 

Figure 1 is an illustration of the present invention, as it would appear in its fiilly opened and deployed 
position in low Earth orbit. This illustration shows how the present invention would be deployed to provide 
communications links to Earth and to other satellites in its constellation. 

Figure 2 is a perspective view of the assembled satellite, before being launched and deployed into low 
20 Earth orbit. 



Figure 3 is a front view of the assembled satellite, which shows a lower region in which the folded 
antenna arr^s are located, and an upper region where intersatellite antennas, extension and storage booms, and 
solar mays are located. 

Figure 4 offers a detailed side view of the assembled satellite in its predeployed state. From this view, 
25 details of one of the three solar array storage booms can be seen. 

Figure 5 is a front view of an assembled satellite before being placed into a launch vdiide. 
' Figure 6 is a top view of a satellite within a launch vehicle. 

Figure 7 is a bottom view of a satellite within a launch vehicle. 

Figure 8 is a side cut-away view of a laundi vehicle with a payload of satellites. 
30 Figure 9 is an illustration of a satellite deployed in low Earth orbit. 

Figure 10 is an illustration of a deployed satellite that depicts how the solar array storage booms would 
first detach firom the rest of the satellite. 

Figure 1 1 shows an illustration of a dq)loyed satellite with an extending Astromast™ boom. 
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Figure 12 depicts the expansion of the solar array storage booms and the extension of .h 
arrays during deploynient of the satellite in low Earth orbit. "^"^ 

Figure 13 shows the fully extended solar amv «or,„- k 

enaea solar array storage booms and extension of the imier antemia 

5 expansion of solar arrays fh,m the solar arrav^rnr, k 

^ . pr^vides a perspective view of the ^y deployed solar arrays lIZ^T^^ ^^^^^ 
Figure 1 6 a side view of a fully extended and deployed satellite. 
Figure 17 is a ftont view of a fiiUy deployed satellite. 

'''^ *»f *Wly d^loyed Earth-feeing antenna ar«^ 
10 invention. ™ present 

Figure 19 is an alternate embodiment of the Earth-facing antemia arrays 

Figure 20 provides another alternate embodiment for the Earth-facing amemia arrays. 
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BEST MODE FOR CAERYING OUT THE INVENHON 

of the InVftntinn , 

Figure 1 is an illustration of the satellite 10 shown as it would anoear in it, fi.„ 
30 position in low Earth or«t. An Earth-facing antem. arr^ 12 is iTtrZir "^'^^'^ 
14 and also to provide transmission of 20 GHz dowrZ 6 ^ZTT °' "'""^ 
iiKiividual electronically steered . ^^^^ Earth-facmg antemui array 12 comprises 
wewronicauy steered phased-anay antennas 18 located on eight mobile fix«i , • . 

M/FTSLantamapanelsetsaOandontheEarth-iacWsurfacaofrh ^ li-^ 

ui earth lacing surface of the primary bus structure 22. Each M/FTSL 
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antenna panel set 20 has three adjoining antenna facet panels 24. The M/FTSL panels are deployed at angte 
with respect to the Earth's surface that limit the required steering angle from the satellite to the portion of the 
Earth surfoce served by this antenna. Four intersatellite link ISL antenna arrays 26 are located on the space- 
facing surface of the primary bus structure 22. Four individual ISL antennas 28 make up each of the ISL 
5 antenna arrays 26. The ISL antennas 28 are able to receive and to transmit 60 GHz intersatellite links 30. The 
60 GHz intersatellite links 30 provide communication among the constellation of satellites. 

An expandable Astromast™ boom 32 such as that produced by Astro-Spar of Caipmteria, California, 
is rotatably and hingedly coupled to the primary bus structure 22, and at full extension can reach spproximatdy 
12 meters in length. A boom crossmast 34 is rotatably coupled to the far end of the Astromast*" boom 32. A 

10 solar aiiay storage boom 36 is attached to tiie boom crossmast 34. Two more solar array storage booms 36 
are coiqaled to opposite ends of the first solar arnqr storage boom 36, An amoxphous silicon solar array 38 
extends from each of the solar array storage booms 36. Inflatable booms 40 extmd fipom each end of the solar 
array storage booms 36, and are attached to the amorphous silicon solar arrays 38. A cantilever boom 42 is 
attached to the far end of each of the amorphous silicon solar arrays 38, between each pair of inflatable booms 

15 40. Structural support for each of the thin, generally rectangular, amorphous silicon solar arrays 38 is provided 
by the framework created by each solar arnty storage boom 36, a pan* of inflatable booms 40, and a cantilever 
boom 42. 

Pulse plasma thrusters 44, storage batteries 46, and shunt regulators 48 are attached to the boom 
dossmast 34. Propulsion for the satellite 10 is provided by six pulse plasma thrusters 44, whidi in this 
20 embodiment are produced by OUn RRC. The pulse plasma thrusters 44 provide propulsion to accomplish 
maneuvers such as orbit ins^on, drag make-up, station keq)ing, and de-orbit that is required at the end of the 
lifetime of a satellite 10. Each of the pulse plasma thrusters 44 is designed to provide 60 kN*sec of thrust. 
This configuration affords the advantages of redundant propulsion, and also insures reliable service for the 
lifetime of the satellite 10. 

25 Figure 2 is a perspective view 50 of die assembled satellite 10, before it is laundied and dq>loyed into 

low Earth ozbit. Many of the conqionents of the satellite 10 are designed to be stored, folded, or manipulated 
to achieve as small a volume as possible. This design provides an extremely compact structure that can be 
delivered into space economically. Four M/FTSL antenna panel sets 20 located at opposing comers of the 
primary bus structure 22 are folded inward to become the irmer antama arrays 52. The remaining four 

30 ' M/FTSL antenna panel sets 20 that are also attached to the primary bus structure 22 are also folded inward to 

become the outer antenna arrays 54. 

Two cnmpnnent storage compartments 56 are located on the upper surface of the primary bus structure 
22. Two ISL antenna arrays 26 are attadied to the exterior of the component storage compartments 56. The 
amorphous silicon solar arrays 38 and inflatable booms 40 are stored inside their respective solar array storage 
35 booms 36, which are folded together and are mounted to the primary bus structure 22 by two modular aluminum 
solar array flttarhmgnt structures 58. Two additional ISL antenna arrays 26 are attached to the solar array 
^ttanhmmt structUTCS 58. The component storage compartments 56 are used to house much of the required 
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internal systems, such as the command and data handling subsystem 60. the attitude/orbit detennination and 
coDtiol subsystem 62, and the communications payload subsystem 64. 

Figure 3 provides a front view 66 of the assenibled satellite 10. which shows how the M/FTSL antenna 
panel sets 20 are folded underneath the primary bus structure 22. Figure 3 also illustrates how the amorphous 
silicon solar arrays 38 are stored effectively within the solar array storage booms 36. The scale of the 
assembled satellite 10 is suggested by a person PN standing approximately two meteis tall alongside the satellite 
10. 

Figure 4 offers a detailed side view 68 of the assembled satellite 10. From this view, details of one 
of die three solar array storage booms 36 can be seen. Cantilever booms 42 extend between both ends of the 
solar arr^ storage booms 36. Before deployment, the amoiphous silicon solar arrays 38 and the inflatable 
booms 40 are stored within the solar array storage booms 36. 

Figure 5 is a front view 70 of an assembled satellite 10 before being placed into a laundi vehicle LV. 
After a final inspection, the satdlite 10 is placed in the payload dynamic envelope PDE within the interior LVI 
of the launch vehicle LV, as seen in the cut-away top view 74 iUustrated in Figure 6. Figure 7 provides, a 
bottom cut-away view 78 of a sateUite 10 stored within the payload dynamic envelope PDE in the launch vehicle 
LV. This view shows how the geometric design for the antenna facet panels 24 is chosen to supply a large 
amount of surface area for placement of antennas 18, while simultaneously providing an extremely compact 
folded structure. 



20 



25 



30 



35 



Figure 8 provides a side cut-away view 80 of a launch vehicle LV with a payload of satellites 10. A 
number of sateUites 10 are located within the payload dynamic envelope PDE area of the interior LVI of the 
launch vdiide LV. The advanced design techniques employed by the present invention allow a large quantity 
of satellites 10 to be pbced within the payload dynamic envelope PDE. which insures that each satellite 10 is 
deployed at mmimum cost. To provide a sense of scale, a person PN ^proximately two meters tall is shown 
standing near the launch vehicle LV before it is launched. 

Figure 9 is an illustration 82 of a sateUite 10 being dqiloyed into a low Earth orbit, after it has been 
launched from the launch vehicle LV. The launch vehicle LV is capable of deploying satellites 10 either one 
at a time or in multiple groups. The attimde/orbit determination and control subsystem 62 located within the 
satellite 10 determines its current location, and compares it with the intended orbit location above the Earth E. 
The attitude/orbit determination and control subsystem 62 then provides the control logic necessary to activate 
the pulse plasma thrusters 44 to guide the spacecraft 10 into its correct orbit location. 

As the guided satellite 10 approaches correct orbit location above the Earth E. the attitude/oibit 
determination and control subsystem 62 provides the logic necessary to begin deployment of the Astromast- 
boom 32 and the solar array stot^e booms 36. Figure 10 is an iUustration 84 that shows how the solar array 
storage booms 36 are disconnected from the solar array attachment stniciures 58, using spring-loaded, 
pyrotechnic, or other suitable means to promote detachment. Upon detachment, the Astromast* boom 32 
rotates axially about its couplings with the primary bus stnxcnire 22 and/or the boom crossmast 34, while 
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simuitaneously expanding lengthwise to move the solar array storage booms 36 away from the primaiy bus 
structure 22. 

Figure 1 1 provides a view 86 of a deployed satellite 10 in which the Astromast™ boom 32 has expanded 
to distance the solar array storage booms 36 from the primary bus structure 22. The attitude/orbit determination 
5 and control subsystem 62 provides the adjustment for pitch and roll reaction to the inertial mom^t created by 
the distance of the solar array storage booms 36 from the primary bus structure 22. 

The Astromast™ boom 32 continues to extend to its full length. The satellite antennas and electronics 
operate most efficiently at low tenqieratures. Th^ can most effectively dissipate the heat generated in their 
operation by radiating this heat via the bade side of the M/FTSL antenna panel sets 20 into "cold space" which 
10 has an ambient temperature of ^proximately 4 degrees Kelvin. If the radiation of the Sun is allowed to 
impinge directly on the back surface of the M/FTSL antenna panel sets, this increases the effective ambimt 
tenqierature, whidi would result in less efficient thermal dissipation, a higher operating tengierature, and less 
efficioicy. The present design uses the amorphous silicon solar arrays 38 as a Sun shade to effectively shield 
the satellite 10 fiom the Sun and thus to reduce the effective ambient tCTiperature of the space into which the 

15 satellite 10 dissipates heat. This is done by using amorphous silicon solar arrays 38 that when fully extended 
on the Astromast™ boom 32 betweoi the satdlite 10 and the Sun and oriented perpendicular to the Sun, casts 
a shadow that conqiletely covers the satellite 10, including all antenna facet panels 24. The amorphous silicon 
solar array position that provides maximum shading also provides the most efficient solar energy generation, 
since the array surface is maintained perpendicular to the Sun's rays. The extension of the Astromast™ boom 

20 32 provides sufficient distance between the primaiy bus structure 22 and the amorphous silicon solar arrays 38, 
which, in turn, furnishes the required radiation shielding for the antennas 18 and the ISL antennas 28. In this 
embodiment, the Astromast™ boom 32 is qiproximately twelve meters long when fully extended. 

Figure 12 is a illustration 88 which depicts the extension of die out^ antenna arrays 54. The outer 
antenna arrays 54 are made vp of four outer antenna arrays 54a, 54b, 54c, and 54d. They are located at four 

25 opposing comers of the primary bus structure 22. The outer anteima arrays 54 are each made iq> of an inner 
antenna pand 92, a central antenna panel 94, and an outer antenna panel 96. Each outer antenna panel 96 
coupled in series to a pair of antenna deployment hinges 90, a central antenna panel 94, another pair of antenna 
dq)loyment hinges 90, an inner antenna panel 92, another pair of antenna deployment hinges 90, and to the 
primaiy bus structure 22. When the outer antennas 54 are expanded, the outer antenna panels 96, the central 

30 ' antenna panels 94, and the inner antenna panels 92 are all unfolded, using the antenna dq)lo3anent hinges 90. 

Figure 12 also illustrates the expansion of the solar arr^ storage booms 36 as the Astromast™ boom 
32 reaches its fully ^ctended length. The solar array storage booms 36 are coupled to each other using boom 
hinge medianisms 98. The solar array storage booms 36 use the boom hinge mechanisms 98 to pivot away 
from their parallel stored position towards a coaxial arrangement. 

35 Figure 13 is an illustration 100 which shows full extension of the solar array storage booms 36 and the 

outer antenna arrays 54. The solar array storage booms 36 come into coaxial alignment with each other as the 
boom hinge mechanisms 98 that couple them pivot to their extended positions. Each end of each solar array 
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storage booin 36 is coupled to a deplovment mechanism 108. In Figure 13 the cantilever booms 42 can be seen 
as they would be attached to the solar array storage booms 36 in a paraUel fashion between die dq,loyment 
mechanisms 108. The boom ciossmast 34 rotates to position the solar array storage booms 38 correcUy for 
expansion of the amorphous silicon solar arrays 36. The pulse plasma thrusters 44. the storage baneries 46 
and the shunt regulators 48 are seen as they are located on the boom crossmast 34. 

AS the outer antemia arrays 54a. 54b. 54c. and 54d contimie to unfold away &om the primary bus 
structure 22. they begin to resemble the petals of an oblate flower. The outer amemia array sets 54 are locked 
in place when the antenna deployment hinges 90 reach the end of their designed travel. 

Figure 13 also Ulustrates how die inner antenna arrays 52 begin to unfold as the outer antemia arrays 
54 expand away ftom the primaiy bus structure 22. Hie imier antemia arrays 52 are made up of four mner 
antemia arrays 52a. 52b. 52c, and 52d located at four opposing comers of the primary bus structure 22. in 
between each of the outer, antemu, arrays 54. The imier antema arrays 52 are each made up of an iniide 
antemui panel 102, a middle antemia panel 104, and an outside antemu. panel 106. Each outside antemia panel 
106 is coupled in series to a pair of antemia dqiloyment hinges 90, a middle antemia panel 104, another pair 
of antemia deploymem hinges 90. an inside antemia panel 102, another pair of antemia deployment hinges 90 
and to the primary bus structure 22. lUe inside antemia panels 102 are attached to the primary bus strucmrJ 
22 at a different offset distance than the mner antemia panels 92 of the outer antemia arrays 54 . Tliis staggered 
offiet aUows the imier antemia arrays 52 and the outer antemia arngrs 54 to be advantageously stored in a 
niiniinTim volume. 

The expansion of the im^r antemia arrays 52 is similar to the expansion of the outer amem^ 
54. and entails the unfolding of the outside amemia panels 106. the middle antemu. panels 104, and the inside 

antemui panels 102 ushus the antemia deploymem hmges 90. The large surface, area provided by die imier 
antemia arrays 52 and the outer antemu. arrays 54 provides adequate room for the numerous antemias 1 8 that 
nuke up die Earth-facing antema array 12, which is designed for large communications traffic within the 
Satellite Communication System. 

Figure 14 is an illustration 110 of the mflation and expansion of the amorphous silicon solar arrays 38 
from the solar array storage booms 36. The specialized strucmre of the amorphous silicon solar arrays 38 and 
the inflatable booms 40 emrt,le the large, extremely light weight, amorphous siUcon solar arrays 38 to be 
deptoyed firom the satellite 10 economically and reUably. 

The amorphous silicon solar amgrs 38 comprise of photovoltaic cells 112 located on a thin fihn 
substrate 114. New polymer fihns, such as Mylar- or Ki9«on« are used for die film substrate 1 14 whichis 
attached to the photovoltaic cells 112. Mylar- and Kapton- satisfy all the material requirements of the film 
substrate 114, and offer a useful lifetime of many years in outer space. 

The inflatable booms 40 attadied to the amorphous siUcon solar arrays 38 are expanded by gas pressure 
provided by inflation gas 1 18 from within the deploymem mechanisms 108. TTie inflatable booms 40 expand 
away from the dqiloymem mechanisms 108. and are used to unfurl the amorphous sUicon solar arrays 38 ftom 
their stored positions within the solar array storage booms 36. In one embodiment, the inflatable booms 40 
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have pleated, "accordion bellows" style structures. In another embodiment, the inflatable booms 40 roU out 
to unfurl the amorphous sUicon solar arrays 38. in a similar fashion to a child's party favor. The inflatable 
booms 40 provide an extremely effective, light weight means for supporting the light and flexible amorphous 
silicon solar arrays 38. 

5 Once the inflatable booms 40 are fully inflated to unfurl the amorphous silicon solar arrays 38, they 

are then rigidized to retain their inflated structure. A small amount of photocurable chemical vapor 116 is 
dqjosited mto the inflatable booms 40 firom within the deployment mechanism 108. The photocurable chemical 
v^or 116 mixes with the mflation gas 118, and cures on the mner surface of the mflatable booms 40 when it 
is exposed to ultraviolet radiation provided by the Sun S. As the photocurable chemical v^or 116 cures, it 

10 forms a rigid surface on tixe inner walls of the inflatable booms 40. The rigid mflatable booms 40 then act 
together wifli the solar arr^ storage booms 36 and the cantilever booms 42 to provide a long lasting 
ultralightwdght framework for the amorphous silicon solar arrays 38. As an alternative, the booms 40 may 
already be coated with a photo-curable substance whidi is not e^sed to light until the satellite is deployed in 
orbit. The coating could also be rendered photocurable upon the introduction of a suitable gas, or the gas could 

15 be self-curing without the aid of sunlight. The inflation gas itself could also incorporate a curable or 
photocurable compaasox. 

Other embodiments of the present invention eEQ)loy different techniques to provide an efficient 
framework for the amorphous silicon solar arrays 38- In one embodiment, continuous gas pressure is provided 
to provide sufficient rigidity for the inflatable booms 40. In another ranbodiment. the amorphous silicon solar 
20 arrays 38 and mflatable booms 40 are conbined to form an inflatable pillow-like structure that can be rigidized 

with photocurable diemical vapor 116. 

Figure 15 provides a perspective view 120 of the fully deployed amorphous silicon solar arrays 38 on 
the satellite 10. The amorphous silicon solar arrays 38 provide power for the spacecraft 10 through the 
photovoltaic cells 1 12. The photovoltaic energy is produced direcUy from incoming solar energy when photons 

25 are absorbed in the semiconductor substrate photovoltaic cells 1 12. Amorphous silicon is used in the preferred 
embodiment, since its irregular, non-crystalline arrangement allows highly efflcient light absorption in an ultra- 
thin film This amorphous silicon film is very lightweight, and is flexible, reliable, and extremely resistant to 
physical abuse. Excess power provided by the photovoltaic cells 1 12 is stored m the storage batteries 46. Hie 
amorphous silicon solar arrays 38 also function as a solar heat shield for the satellite 10, and provide an 

30 ' extremely lightweight and effective active th^mal control device. 

Many con^nmts in an orbiting satellite function properly only if they are m a intain ed within a rather 
narrow temperature range. The tenqieratures of satellite components are influenced by the net thermal oiergy 
exchange between the satellite and its thermal environment, whidi is influenced by the magnitude and 
distribution of radiation input from the Sun S and the Earth E. 

35 The objective of satellite thermal control design is to provide the proper heat transfer between all 

satellite draients so that tenq>erature sensitive components remam withm thefr specified tenqierature lunits. 
Techniques used for satellite thermal control can be passive or active. Passive techniques include thermal 
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coatings, thennal ii^ularion and heat sinks. Active thennal control techniques include heat pipes, louvers heat 
shields and electrical heaters. 

A satellite heat pipe is a thermal device that can provide a significant transfer of thernial enera. 
between two regions on the satellite. A heat pipe con,,ri«s a closed cylinder whose inner surfaces are lined 
5 vdth a wick that provides a capillary effect. Heat in the warm portion of the pipe vaporizes a working fluid 
The resulting pressure difference drive the vapor to the cooler end of the tube, where the vapor condenses and 
releases its latent heat of vaporization. The loss of liquid m the warmer area creates a c^iUaxy pressure that 
promotes movement of Uquid ftom the cooler region to the warmer region. Urns creating the contimious cycle 
«quired for heat transfer, m addition to the thennal control provided by shielding by the amorphous silicon 
10 solar arrays 38. the active and passive thermal control techniques discussed may be implemented m alternative 
sateUite embodiments to provide tiiermal contiol for the satellite 10. 

Figure 16 is a side view 122 of a fully extended and deployed sateUite 10. Hus depiction shows how 
theadvanceddesignofthesatemtelOprovidesalargeEarth-fi^mgantemu.^^ 12 to provide a large volume 
of 30 GHz uplinks 14 and 20 GHz downlinks 16. and ISL antemia ar«ys 26 to provide a large volume of 60 
. 15 GHz intersatellite links 30. This view also illustrates how tb. «q«ndable Astix,mast- boom 32 is extended to 
position the amoiphous silicon solar arrays 38 correctly. 

Figure 17 is a ftont view 124 of a fully deployed satellite 10. This view portrays ti.e large amorphous 
sdrcon solar arrays 38 and shows how they provide tiiermal heat shielding for ti,e satellite 10. The amorphous 
sdicon solar ar»ys 38 supply a large surfece area of photovoltaic ceUs 112 which collect solar radiation and 
20 provide power for the satellite 10. 

Figme 1 8 is an iUustration 126 of the fully deployed Earth-facing antemu array 12 used in ti« present 
mvention. The antem«s 18 located on tite mner antemut ar«ys 52. ti,e outer antem^ arrays 54 . and tite primary 
bus stnrcture 22 consist Of uplink antemu^ 18a and downlhdcantem^ Tlie uplink antem^ 18a are used 
to receive 30 GHz uplinks 14. and tire downlink antem«» 1 8b are used to transmit 20 GHz downlmks 16 

Figure 19 is an alternate embodiment 128 Of ti« Earth-fi«:mg antem« array 12. Tl^ 
^ ^«^«'«ff««ntarrangementofuplinkantennasl8aanddownIinkamemi^ 

antemu. arrays 52. the outer antemia arrays 54. and tiie primary bus structure 22^ Figure 20 illustrates anoti^r 
. embodm«ml30forU«.Eartii-fecmgantem«i^ The pattern shown in Figure 20 utilizes uplink antemm 

1 8a and downlink antemias 18b that reside on ti« im«r antenna arr^s 52. die outer antemia arrays 54. and ti« 
30 pnmary bus structure 22. Fi8««s 19 and 20 also presem tables which identify die various amemia pattern 

Shown on die Earth-fecmg array 12. Each pattern is identified as tiansmit or receive, and the number of 

elements, gain and number of arr^s are also specified. 
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CONCLUSION 

Although the piesent invention has been described in detail with reference to particular preferred and 
alternative embodiments, persons possessing ordinary skill in the art to which this invention pertains will 
appreciate that various modifications and enhancements may be made without departing from the spirit and 
S scope of the claims that follow. 

IND USTRIAL APPUCABEJTY 
The Modular Commumcation Satellite described above will help to overcome the limits that 
circumsCTibe the performance and potential of existing tdephone systems. The present invention is capable of 
offering continuous voice, data and video service to customers across the globe on the land, on the sea, or in 

10 the air. Instead of merely inqiioving upon or es^anding existing land-based systems, the present invention 
bypasses centralized terrestrial switdimg hardware by placu^ Unlike 
conventional hierardiical systrans, which are linked together by a complex web of wires, cables, glass fibers, 
and microwave repeaters that are veiy expensive to build and maintain, the present invention liberates the true 
communications potential of existing land-based networks by routing signals through spacecraft in low Eartti 

15 orbit. The present invention will revolutionize the telecommunications industry, and offer a wide spectrum of 
services and industrial opportunities axound the world. 



UST OF REFERENCE OIARACTERS 

10 Sat^te 

12 Earth-facing antenna array 

14 30 GHz uplinks 

16 20 GHz downlinks 

18 Antennas 

18a Uplmk antennas 

18b Downlink antennas 

20 Nf/FTSL antenna pand set 

' 22 Primary bus structure 

24 Antenna facet panels 

26 ISL antenna array 

28 Individual ISL antenna 

30 60 GHz intersatellite links 

32 Asiromast™ boom 

34 Boom crossmast 

36 Solar array storage boom 
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38 Amoiphous silicon soiar array 

40 Inflatable boom 

42 Cantilever boom 

44 Pulse plasma thxusters 

46 Storage batteries 

48 Shunt regulators 

50 Perspective view of assembled satellite 

52 Inner antenna array 

52a First inner antenna array 

52b Second inner antenng array 

52c Third inner antenna array 

52d Fourth inner antennfl arr^ 

54 Outer antenna array 

54a First out^ antenna array 

54b Second outer antenna airay 

54c Third outer antenna array 

54d Fourth outer antenna array 

56 Con^onent storage compartment 

58 Solar array attadmient structure 

60 Command and data handling subsystem 

62 Attitude/oibit determination and control subsystem 

64 Communications payload subsystem 

66 Front view of assembled satellite 

68 Side view of assembled satellite 

70 Front view of satellite before launch 

74 Top cut-away view of satellite in launch vehicle 

80 Bottom cut-away view of satellite within laundi vehicle 

82 Illustration of satellite deployed in low Earth orbit 

84 niustrationofdepIoyedsateUitewifli detached solar array storage booms 

86 lUtistration of dqiloyed satemte with extended Astiomast" boof - 

88 Depiction of expanding solar array boom and extension of on: : : antenna arrays 

90 Antenna dq>loyment hinges 

92 Inner antenna panel on outer array 

94 Central antenna panel on outer array 

96 Outer antenna panel on outer array 

98 Boom hinge medianism 

100 I^epiction of extended solar array boom and extension of inner antenna arrays 
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106 



104 



102 



Inside antenna panel on inner array 
Middle antenna panel on inner array 
Outside antenna panel on inner arr^ 



108 Deployment mechanism 

1 10 Depiction of inflating solar arrays 

112 Photovoltaic cells 

114 Film substrate 

116 Photocurable chemical vapor 

118 Inflation gas 

120 Fully deployed solar array 

122 Side view of fully deployed satellite 

124 Front view of fully deployed satellite 

126 Illustration of fiilly deployed earth-facing antenna arnys 

128 Alternate embodiment of earth &cing antenna arrays 

130 Another embodiment of earth &cing ant^ma an^s 

E Earth 

F Fixed terminal 

G Gateway 

LV Launch vehicle 

LVI Launch vehicle interior 

M Mobile teimmal 

P Portable tenninal 

PDE P^Ioad dynamic envelope 

PN Person 

S Sun 
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CLAIMS 



What is claimed is: 



po; are ^£\teicoimected by means of a hnnm oi#>nto«t /-aox . i_ . , . 

y means ot a boom element (32) which is longitudinaUy extendable and which is 

comiected to at least one of the anays (12. 38) via a nrtaiy coupli^g. 



3 A ^^acectaft apparatus according the Qaim 1 or 2. wherein the solar power anay (38) is mounted 
10 ""'^ - ^ ^ Of deployme. 



on 



4. 



A spacecraft ^aiatiis accoidmg to Qaim 3, wherein 



inflatable boom membens (40) rigid after inflation. 



means (108, 11© are provided for renderiiig flie 



5. 



m«»sto=TOly««.pholoc»r.ble«»ar(ll<i)„toMUM*lebo<H.naa«,(^^^ 

(36) u . «<»,^ b«» «na»r w«d., b.*„ ™,<M^, ^ „ ^ ^ ^ ^ ^ ^^^^ 
<>^<>''«aoflbcbiBalMcbamiiMbm(40). «WW8)»icl/or 

apparatus after launch thereof. spacecraft 
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« 

9. A spacecraft i^paratus according to any of Claims 2 to 5, and to Claim 6, wherein said attitude/orbit 
detmnination and control subsystem (62) controls the deployment of the boom element (32) and/or boom 
member(s) (32; 36, 40, 42). 

10. A spacecraft apparatus (10) according to any preceding claim and conq)rising a central structure (22) 
5 with foldable antenna array sets (52, 54) arranged around its peripheiy, the members of a first array set (54) 

being arranged alternately with the membra of the second array set (52), the members of the first array set (54) 
when folded, being located at an offset distance from a major surface of the central structure (22), and the 
members of the second array set (52), when folded, being located relatively close to said major surface and 
within said offset distance, whereby after unfolding of the first array set (54), the second array (52) set may 
10 be unfolded. . 

11. A method of deploying a spacecraft apparatus (10) according to Claim 1, comprising launching the 
apparatus with the antenna and solar power arrays (12, 38) in folded configuration, and then moving the arrays 
relatively apart, unfolding them, and relatively rotating them so that the solar power array (38) provides 
shielding for the antenna array (12) fiom solar radiation. 

15 12. A method of deploying a spacecraft 2^aratus (10) according to Claim 11, wherein the solar power 
array (38) is mounted on a plurality of boom mranbers (36, 40, 42) one or more of which (40) are inflatable, 
the method conqprising the further step of inflating the inflatable boom member(s) (40). 

13. A method of dq)loying a spacecraft qyparatus (10) according to Claim 12, wherein the method 
coniprises the further step of supplying a photocurable v^or (116) to the inflatable boom memb^(s) (40) 

20 whereby to inipart rigidity thereto after iofiation. 

14. A satellite ^paratus (10) enable of being placed in a low Earth orbit using a launch vehicle (LV) for 
providing communications among a pluraliQ^ of portable (P), mobile (M), and fixed (F) terminals and gateways 
(G) and among other of said satellite s^paratus con^rising: 

an Earth-facing antenna arr^ (12); 

25 said Earth-fiacing anteima array (12) including a plurality of substantially polygonal, planar 

antenna panels (92, 94, 96, 102, 104, & 106); 

said plurality of substantially polygonal, planar antenna panels (92, 94, 96, 102, 104, & 106) 
being maintained in an orbital orientation whidi aims said plurality of substantially polygonal, 
planar antenna panels (92, 94, 96, 102, 104, & 106) generally towards the Earth; 

• » 
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to 



a plurality of hinge elements (90); said plurality of hinge elements (90) being used 
mechanicaUy couple said phirality of substantially polygonal, planar antenna panels (92. 94. 
96, 102. 104. & 106); 



said antenna array (12) being capable of being stowed in a ooaxially nested arrangement with 
other of said antenna arr^s (12) for transportation in said launch vehicle (LV); 



a space-facing arr^ (26); 



10 



said space-fadng array (26) including a plurality of intersatellite antennas (28); each of said 
plurality of intersatellite antennas (28) plurality of being maintained in an orbital orientation 
which aims said intersatellite antomas (28) gaaerally tangential to surface of the Earth; 

a solar array (38) for siqjplying power to said Earth-facing antenna array (12); 



said solar array (38) being capable of being stored substantially near said Earth-facing ant 
array (12); 



a 



said solar array (38) being capable of being deployed away from said Earth-facing antenna 
array (12) and unfurled to a fully extended position (120); 
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said solar array (38) including a layer of photovoltaic cells (112); 



said solar arr^ (38) being mechanically connected to said Earth-facing antenna array (12); 

said solar array (38) being capable of being rotated to optimize the coUection of solar 
radiation; and 



.0 



said solar array (38) being capable of being positioned to provide shielding of solar radiation 
for said Earth-facing antenna array (12). 



15. A spacecraft apparatus (10) comprising an array (38) mounted on a plurality of boom members (36. 
40. 42) characterized in that one or more of the boom members (40) are inflatable, and in tiiat means (108, 1 16) 
are provided for rendoing the inflatable boom members (40) rigid after inflation. 
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16. A method of deploying a spacecauft apparatus (10) conq>rising an array (38) mounted on a plurality 
of boom members (36» 40, 42) one or more of which (40) are inflatable, the method comprising the steps of 
inflating the inflatable boom members (40) and then producing rigidity in the inflated members. 



16 



wo 94/29927 




wo 94/29927 



FCT/DS94/06261 




2/16 



wo 9409927 PCT/US94/0d261 



66 





wo 94/29927 ^ 

PCT/US94/0£261 




wo 94729927 



PCT/US94/06261 

i 




wo 94/29927 



PCT/DS94/06261 




7/16 



wo 94/29927 PCT/US94/0fi261 




wo 94/29927 




wo 94/29927 



PCT/US94/06261 



36 108 




10/ 16 



wo 94/29927 

PCT/US94/06261 



112 



wo 94/29927 



PCT/US94/0fi261 




wo 94/29927 



FCT/DS94/06261 




126 



Fig. 18 
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&mmmm.QMiim # arrays 

316 31.7 10 

320 31.7 32 

484 33.4 48 

684 35.0 48 

2128 41.0 64 

1020 38.0 68 
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Fig. 20 
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